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David R. Smyth
The guidance of a pollen tube through the female
flower to reach an ovule is genetically controlled and
occurs only if the ovule’s embryo sac has developed,
suggesting that the embryo sac is the source of a
specific pollen tube attractant.
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How does a pollen tube seek out and find an ovule, its
ultimate goal inside the female reproductive organs of a
flower? And once an ovule has been found and fertilized,
how are other pollen tubes prevented from attempting the
same task? These interesting questions have been posed
and considered for over 100 years, and direct answers will
soon be available. A structural guidance mechanism by
itself seems unlikely. It is true that specialized tissues
guide and nurture pollen tube growth within the style and
the ovary [1]. This defined path leads pollen tubes close
to the target ovules, but the final step requires one, and
only one, pollen tube to grow along the ovule’s stalk and
seek out the small entrance to the ripe embryo sac (Fig.
1). At this point the two haploid sperm cells at the tip of
the tube are delivered to one of the two synergids (the
specialized ‘helper’ gametophyte cells that surround the
egg cell). Then one sperm fuses with the egg and grows
into the diploid embryo; the other joins the two haploid
nuclei of the adjacent central cell and develops into the
nutritive triploid endosperm [2].
A more likely guidance mechanism proposes that the
ovule actively broadcasts its presence and availability. It
could achieve this by generating a gradient of a
chemotropic molecule that attracts the pollen tube [1].
Consistent with this idea, the two synergids in the embryo
sac have many properties of secretory cells, with abundant
Golgi, mitochondria and a specialized ‘filiform apparatus’
directed to the entrance point of the pollen tube [2].
Attempts to identify a general ovule-specific attractant in
vitro have not been successful, however. Calcium ions
were an early candidate. They are present in large
amounts in synergids [2], and are also required at the
growing tip of the pollen tube [1]. However, pollen from
only a minority of species show a tropic response to this
widely distributed cation [1]. Also, experiments in vitro
such as these can point to artificial tropisms if a supple-
ment is limiting in culture but present adequately in vivo.
Finally, if the ovule indicates its presence and availability
by a relayed, intercellular signalling process, then such
studies in vitro are unlikely to be informative.
The signalling hypothesis could explain why only one
pollen tube reaches the embryo sac (that is, how
polyspermy is avoided). Provided that the chance that any
one pollen tube encounters the attractant is relatively low,
Figure 1
Pathways of pollen tube growth in Arabidopsis. (a) Scanning electron
micrograph of a fertilized ovule showing the pollen tube (arrow) attached
to the stalk (photograph kindly provided by Daphne Preuss). (b) Diagram
of the paths taken by pollen tubes upon emergence from the septum;
the inset shows a whole ovary. The upper ovule is normal. (Shading
represents a hypothetical chemotropic or cellular gradient emanating
from the synergids. This may attract a pollen tube that grows close to the
point of ovule attachment.) The lower ovule is also normal except that the
embryo sac has not developed (as seen in 54D12 mutants [5]). Such
ovules do not attract pollen tubes.
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and if the signal ceases as soon as fertilization occurs, then
only one pollen tube would fertilize each ovule. Alterna-
tively, once a pollen tube has homed in on an ovule, it
may inhibit other tubes from growing nearby.
Indirect evidence for a genetic basis of ovule–pollen inter-
actions came from early studies of fertilization in the
evening primrose (Oenothera) [3]. Many taxa in this genus
have their chromosomes ‘congealed’ into rearranged
groups that are inherited en bloc. When such plants are
intercrossed, pollen that carries certain groups of chromo-
somes is attracted to and can fertilize ovules bearing some
chromosome groups but not others. (There is no loss of
overall fertilizing ability, as all pollen types and all ovule
types may have some successful partners.) This differen-
tial ‘affinity’ seems to be due to genetic differences in the
haploid genotypes of the ovules and the pollen, although
the complex and specialized Oenothera genetic system
makes this difficult to follow further.
Several recent studies have now revealed new aspects of
pollen tube guidance in Arabidopsis, following earlier
descriptions of the phenomenon in a related radish species
[4]. First, Hülskamp, Schneitz and Pruitt [5] have care-
fully described the pattern of pollen tube growth in the
ovary of Arabidopsis. After germination and growth into
cells of the stigma, each pollen tube grows down the spe-
cialized transmitting tract. This tract occupies the style
and the centre of the septum that separates the two cham-
bers of the ovary (see Fig. 1). Pollen tubes then emerge
individually onto the surface of the septum, where they
grow back and forth until one passes along the stem of an
ovule that is available and fertilizes it. A pollen tube tends
to emerge closer to the top of the ovary than the bottom,
and to fertilize an ovule only one or two positions below
its emergence point.
To identify factors controlling these growth patterns,
Hülskamp et al. [5] next looked at the behaviour of wild-
type pollen tubes in recessive mutants in which ovule
development is disrupted. In three homozygous mutant
strains, bell1, short integument1 and the as-yet unnamed
47H4, pollen tubes emerge more evenly along the length
of the ovary and grow randomly across the surface of the
septum as well as on all surfaces inside the ovary chamber.
These surfaces include the ovules themselves, with no
restriction now as to the number of tubes per ovule and no
targeting to the embryo sac entrance. Thus, the emer-
gence of pollen tubes, their restriction to the surface of the
septum, and their fertilization of individual ovules all
depend on the presence of intact ovules.
There are several ovule defects in these mutants, however.
The embryo sac does not form, and, in bell1 and short
integument1 at least, maternal tissues sheathing the embryo
sac are aberrant. To determine which of these normally
controls pollen tube guidance, Hülskamp et al. [5] looked
at a fourth ovule mutant, 54D12. In this mutant, maternal
tissues appear normal but embryo sac development varies
from being completely blocked to being apparently unaf-
fected. Ovules without an embryo sac were never associ-
ated with pollen growth (as before), but apparently normal
ovules in the same ovary almost always were (Fig. 1b).
Pollen tubes now even grew long distances upwards to
reach intact ovules. Thus, it seems the embryo sac is the
source of guidance. Even so, the defect in 54D12 may
occur first in maternal tissues, followed by consequential
loss of both embryo sac formation and pollen tube guid-
ance. However, it has recently been shown that the loss of
the embryo sac alone (through chromosomal imbalance)
always results in loss of pollen tube guidance, thus proving
the embryo sac’s role (Sumita Ray, Sung-Sik Park and
Animesh Ray, personal communication). These studies do
not address the role of the pollen tube’s genotype in
responding to guidance from the ovule. The importance of
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Figure 2
Loss of pollen tube guidance in pop2 pop3 double mutants of
Arabidopsis [7]. Pollen tubes fluoresce after staining with aniline blue.
Several tubes have crossed the stems and body of ovules without
responding. For this to occur, both pollen and ovules must be mutant.
(Photograph kindly provided by Daphne Preuss).
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this is indicated by the observation that although pollen
from a related Brassica species is able to access the ovary of
Arabidopsis, it is not subject to the same pollen tube guid-
ance towards ovules as is Arabidopsis pollen [6]. 
The classical approach to identifying genes controlling a
developmental process is to select mutants that specifically
disrupt the process. Wilhelmi and Preuss [7] now report
finding sterile mutants of Arabidopsis in which pollen tube
guidance is affected, but, unlike earlier studies, embryo sac
and pollen tube development are normal. The surprising
finding here is that the sterile phenotype reflects the geno-
types of the parents, not the gametophytic tissue. That is,
the process that has been disrupted must be active in the
diploid, sporophytic tissues of both the ovule parent and
the pollen parent. So what process is involved?
Wilhelmi and Preuss [7] report that for pollen tube guid-
ance to break down, both the paternal and maternal geno-
types must carry mutant alleles at two loci. These loci have
been named pop2 and pop3 to denote ‘pollen–pistil interac-
tion’. The pop2 mutant is recessive, whereas the pop3
mutant is dominant in a homozygous pop2 mutant back-
ground. Thus, normal guidance occurs if either the pollen
parent or the maternal ovary tissue carries at least one wild-
type allele of POP2 and/or two wild-type alleles of POP3.
In sterile crosses, the pollen tubes emerge from the septum
as usual but then grow randomly throughout the ovary
chamber, without adhering to epidermal cells (Fig. 2). This
suggests that intercellular adhesion is part of the guidance
process. Assuming that the mutants represent loss-of-func-
tion alleles, the high degree of genetic redundancy implies
that the adhesion of pollen tubes to ovary cells requires
one or other gene product to be present in one or other
tissue type. If it is the loss of adhesion that causes the loss
of guidance, then the POP2 and POP3 gene products are
not controlling guidance per se, but are establishing a pre-
condition that is required for it to operate.
What next? The scarcity of mutants that specifically
disrupt pollen tube guidance may be a result of several
genes controlling the same process (genetic redundancy),
or because mutant effects may be masked by pleiotropic
disruptions of earlier stages of pollen and/or ovule develop-
ment. One way to bypass such complications is to identify
relevant genes through their expression patterns. This is
now possible by screening the large collections of gene-
and enhancer-trap lines, in which gene expression is
revealed by the cell-autonomous production of a blue dye
[8]. In this way, we may at last gain genetic access to the
specific signalling mechanism that guides pollen tubes to
virgin ovules in the angiosperm flower.
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